We report on CTIO/NEWFIRM and CTIO/OSIRIS photometric and spectroscopic observations of 20 new X-ray (0.5-10 keV) emitters discovered in the Norma Arm Region Chandra Survey (NARCS). NEWFIRM photometry was obtained to pinpoint the nearinfrared counterparts of NARCS sources, while OSIRIS spectroscopy was used to help identify 20 sources with possible high mass X-ray binary properties. We find that (1) two sources are WN8 Wolf-Rayet stars, maybe in colliding wind binaries, part of the massive star cluster Mercer 81; (2) two are emission-line stars, possibly in X-ray binaries, that exhibit near-and mid-infrared excesses either due to free-free emission from the decretion discs of Be stars or warm dust in the stellar winds of peculiar massive stars such as B[e] supergiants or luminous blue variables; (3) one is a B8-A3 IV-V star that could be in a quiescent high mass X-ray binary system; (4) two are cataclysmic variables including one intermediate polar; (5) three may be neutron star symbiotic binaries; (6) five are most likely white dwarf symbiotic binaries; and (7) five exhibit properties more consistent with isolated giant/dwarf stars. The possible detection of one to three high mass X-ray binaries is in good agreement with our predictions. However, our study illustrates the difficulty of clearly differentiating quiescent or intermediate X-ray luminosity systems from isolated massive stars, which may lead to an underestimation of the number of known high mass X-ray binaries.
Introduction
The arms of spiral galaxies have long been known to be regions of intense stellar formation, a consequence of the formation of the galaxies themselves. For instance, Lin & Shu (1964) and Lin et al. (1969) proposed, in the framework of the density wave theory, that spiral arms are formed through the propagation of linear discontinuities of the average Galactic gravitational field, which enhances their local density. When fast-rotating clouds of gas and dust encounter a slower density wave, their intrinsic density may therefore increase such that they meet the Jeans criterion and collapse, triggering star formation. Even though this explanation is still controversial, it is at least observationally clear that giant molecular clouds (GMCs) and HII regions are preferentially located in the arms of the Milky Way (Caswell & Haynes 1987; Dame et al. 2001) , where the number of short-lived O/B massive stars is consequently very high. Interestingly, Sana et al. (2012) showed that at least 70% of massive stars interact with a nearby massive companion or, in other words, that most O/B stars are found in binary systems. Even if the authors argue that a third of them will end up in binary mergers, a significant population of high mass X-ray binaries (HMXBs), consisting of a neutron star (NS) or a black hole (BH) accreting from a massive O/B star, must therefore be distributed in the spiral arms of the Milky Way, a statement supported by two recent studies reported in Bodaghee et al. (2012) and .
The last decade has seen a renewed scientific interest in HMXBs, following the launch of the INTErnational GammaRay Astrophysics Laboratory (INTEGRAL, Winkler et al. 2003) in October 2002. Indeed, INTEGRAL performed a 20-100 keV survey of the Galactic plane which led to the detection of more than 700 hard X-ray sources (Bird et al. 2010) , including about 400 new or previously poorly studied INTEGRAL Gamma-Ray (IGR) sources. The subsequent multiwavelength follow-ups (see e.g. Tomsick et al. 2008; Chaty et al. 2008; Tomsick et al. 2012; showed that a significant fraction of these new sources were actually HMXBs in which a NS fed on the stellar winds of a blue supergiant through Bondi-Hoyle processes, known as NSsupergiant X-ray binaries (NS-SGXBs). Not only did these results increase the fraction of NS-SGXBs from 10% of all known HMXBs to about 40% today, but these new NS-SGXBs also appear to exhibit extreme behaviours that were not predicted. Indeed, some are very obscured persistent sources suffering from a huge intrinsic extinction, with N H as high as 10 24 atoms cm −2
(such as IGR J16318−4848, Matt & Guainazzi 2003) , and others are transient sources, completely undetectable in quiescence but randomly exhibiting X-ray flares that can be as bright as the Crab nebula for time periods as short as a few hours; these are the socalled supergiant fast X-ray transients (SFXTs; Negueruela et al. 2006 ). Although the origins of such properties are still a matter of debate (accretion from clumps of material in the stellar wind or magnetic barrier, see e.g. Walter & Zurita Heras 2007; Bozzo et al. 2008) , these NS-SGXBs have opened up a new window on HMXB evolution and, as progenitors of NS-NS and NS-BH binaries, the formation of short gamma-ray bursts. Discovering and studying as many of them as possible is therefore crucial and the Norma arm, as the most active star-forming region in the Milky Way, is the best candidate for this purpose. In 2011, we therefore performed a Chandra ACIS survey of a 2
• ×0 • .8 area of the Norma arm to detect new 0.5 − 10 keV sources with hard Xray spectra, in particular low luminosity HMXBs fainter than the
Observations
To optimize the detection of new HMXBs, our Chandra survey of the Norma arm was complemented with a near-IR photometric mapping of the same region, followed by near-IR spectroscopy of the most promising counterparts. The latter were selected and ranked on the basis of their fulfillment of six criteria: (1) X-ray brightness high enough to place good constraints on the source's X-ray spectral parameters; (2) a high column density (N H > 10 22 atoms cm −2 ) to exclude foreground sources; (3) a hard X-ray spectrum with a photon index Γ < 2, which is typical for HMXBs; (4) X-ray variability, which is often seen in HMXBs; (5) a counterpart with J-K colour > 1.5, indicating that it is also subject to significant absorption; and (6) the reliability of the near-IR counterpart.
Allocating 0, 0.5, or 1 when a criterium was not met, partially met, or fully met, respectively, the number of criteria fulfilled ranged from 1.5 to 6 for the selected sources. The column density and X-ray photon index of the sources were measured through X-ray spectral fitting of the Chandra spectra (averaged when a source was present in several pointings) with XSPEC (Arnaud 1996) . We principally made use of the absorbed power-law model tbabs×pegpwlw although, when a spectrum was found to be very soft (Γ ≥ 4), a thermal plasma model tbabs×vapec was also used to obtain a reliable estimate of the flux. Furthermore, to investigate the presence of an intrinsic component of absorption, we also measured the total Galactic column density along the line of sight (LOS) of each source using the relation N H i+H 2 (ISM)=N H i (ISM)+2N H 2 (ISM). We assessed the neutral hydrogen column density N H i (ISM) from the Leiden/Argentine/Bonn Survey (Kalberla et al. 2005) . In addition, the molecular hydrogen column density N H 2 (ISM) was estimated from the MWA CO survey (Bronfman et al. 1989) using the N H 2 /I CO factor derived in Dame et al. (2001) .
Finally, the reliabilities R of the near-IR counterparts of the Chandra sources were estimated following the analytic treatment introduced in Sutherland & Saunders (1992) , which is based on the positional uncertainties of the X-ray and near-IR positions, the distances between the X-ray and near-IR counterparts, and the density of near-IR sources in the vicinity of the X-ray positions. In this framework, R is the probability for a near-IR source of being the real counterpart of an X-ray source. Summing up all the 1 − R values, we therefore expect about 0.4 spurious X-ray/near-IR associations in our sample. Notes. Column 1: source number in our catalogue. Column 2: Chandra name. Column 3: quantile group. Columns 4 and 5: Chandra equatorial coordinates. Column 6: total interstellar column density of the source along its line of sight. Column 7: X-ray column density of the source N H . Column 8: Power-law photon index Γ when a power-law model better describes the Chandra spectrum. Column 9: Plasma temperature kT in keV when a thermal plasma model better describes the Chandra spectrum. Column 10: 0.5-10 keV unabsorbed flux F 0.5−10 .
Column 11: Reliability R of the near-infrared counterpart. ′′ ) of the VVV counterparts to the corresponding X-ray sources. Columns 7 to 11: VVV Z, Y, J, H, and K s magnitudes. "Sat." means that the source is detected but saturated while a "-" means that the source is not detected in the corresponding filter.
Near-infrared photometry
We performed the observations on 2011 July 19 with the NOAO Extremely Wide Field Infrared Mosaic (NEWFIRM) mounted on the 4 m Blanco telescope at the Cerro Tololo Inter-America Observatory (CTIO). Each NEWFIRM image is divided into four extensions and covers a 28 ′ ×28 ′ field of view with a 0 ′′ . 4 plate scale; this allowed us to observe about 60% of the 2
• ×0 • .8 Norma region mapped with Chandra in the J, H, and K s bands. For each pointing, the exposure time in each filter was set to 150 s divided into ten dithered four-extension frames for median sky construction. Conditions were clear and the seeing was less than 1 ′′ . 2 during the whole night.
We reduced the data with the dedicated IRAF (Tody 1993) package nfextern. It is composed of several routines that perform the common tasks for near-IR imaging, tailored for widefield mosaics. The first-pass reduction consisted in bad pixel removal, dark subtraction, linearity correction, flatfielding, and median sky subtraction. The astrometry of each cleaned fourextension frame was calibrated to the World Coordinate System (WCS) by deriving the astrometric transformations through comparison with the 2 Micron All Sky Survey catalogue (2MASS, Skrutskie et al. 2006 ). The four extensions were then combined into a single image before median stacking. We finally flux-calibrated all the images by deriving the photometric solutions (zero-point magnitudes, atmospheric extinction, and colour Notes. Column 1: Source number in our catalogue. Column 2: IAU names of the 2MASS counterparts. Column 3: Distance ( ′′ ) of the 2MASS counterparts to the corresponding X-ray sources. Columns 4 to 6: 2MASS J, H, and K s magnitudes. Column 7: IAU names of the DENIS counterparts. Column 8: Distance ( ′′ ) of the DENIS counterparts to the corresponding X-ray sources. Columns 9 to 11: DENIS I, J, and K s magnitudes. A "-" means that the source is not detected in the corresponding filter. Notes. Column 1: Source number in our catalogue. Column 2: IAU names of the GLIMPSE counterparts. Column 3: Distance ( ′′ ) of the GLIMPSE counterparts to the corresponding X-ray sources. Columns 4 to 7: GLIMPSE 3.6 µm, 4.5 µm, 5.8 µm, and 8.0 µm flux densities (mJy). Column 8: IAU names of the WISE counterparts. Column 9: Distance ( ′′ ) of the WISE counterparts to the corresponding X-ray sources. Columns 10 to 13: WISE W1 (3.4 µm), W2 (4.6 µm), W3 (12 µm), and W4 (22 µm) flux densities (mJy). A "-" means that the source is not detected in the corresponding filter.
terms) through relative photometry using the 2MASS catalogue as a reference. While not as robust as the use of photometric standard stars, we estimate that the measured magnitudes are accurate to about 0.1 mag in each filter, although statistical errors are lower.
As already mentioned, our NEWFIRM observations covered roughly 60% of the Chandra field. We completed and complemented the near-IR survey using the Vista Variables in the Via Lactae (VVV, Minniti et al. 2010) , 2MASS (Skrutskie et al. 2006) , and Deep Near Infrared Survey of the Southern Sky (DE-NIS, Epchtein et al. 1999 ) database 1 for the sources we could not observe or which were saturated.
Near-infrared spectroscopy
Based on the aforementioned criteria, we selected 45 sources and we observed most of them from 2012 June 1 to 4 with the Ohio State Infrared Imager/Spectrometer (OSIRIS) mounted on the 4m SOAR telescope at CTIO. We made use of the crossdispersed mode with a slit of 1 ′′ in width, which allowed us to obtain simultaneous J, H, and K-band spectra with an R ∼ 1200 
Notes.
A "*" means that the line is detected but difficult to properly measure, while a "-" means that the line is not detected.
(a) Equivalent width (Å) (b) Full-width at half-maximum (km s −1 ).
spectral resolution using the standard ABBA nodding technique for background subtraction. Each night, standard stars were observed in similar conditions for telluric absorption lines removal. We reduced the data with the IRAF routines of the echelle package. The basic steps consisted in bad pixel correction, dark subtraction, linearity correction, flatfielding, sky subtraction, and spectral extraction along the dispersion axis. The spectra were then wavelength-calibrated through comparison with those of an Argon lamp taken before and after each exposure. Weather and atmospheric conditions were unfortunately not optimal, with thin clouds most of the nights and a seeing higher than 1 ′′ . 3. Thus, the S/N of all the spectra are lower than we expected. Consequently, the J-band spectra we obtained are too noisy, and we do not use them in this study. Furthermore, the faintest sources in our sample were hard to observe in the H and K bands. This is the reason why we only report on 20 sources (see Figure 1 for their K s-band counterparts); near-IR spectroscopy of the rest of our sample is on-going and will be presented in another paper.
Results and analysis
To strengthen the identification of the X-ray emitters, we made use of the quantile analysis techniques developed in Hong et al. (2004) , and we refer to Fornasini et al. (2014) for a complete description. Roughly, it allows the derivation of two energybinning independent quantities Q x (which measures the hardness of a spectrum) and Q y (which depends on how broad or narrow a spectrum is). By placing a source in a Q x vs. Q y diagram, it is therefore possible to get a rough measurement of its X-ray spectral characteristics. The quantile diagram for the 20 sources in our sample is displayed in Figure 2 . We divided it into five groups labelled from A to E. Again, comprehensive information can be found in Fornasini et al. (2014) , but we can summarize their characteristics as follows:
• group A: low column density sources, most likely X-ray active low mass stars and interacting binaries.
• group B: similar to group A with a significant population of cataclysmic variables (CVs). Owing to their low column densities, sources in groups A and B are likely foreground objects and their unabsorbed luminosities will thus be estimated for a typical 1 kpc distance, when unknown.
• group C: intermediate column density consistent with a 3-5 kpc distance. Likely populated with CVs, LMXBs, and HMXBs. A 5 kpc distance is used for unabsorbed luminosity calculation.
• group D: high column density sources, probably located in the Norma arm or beyond. Hard spectra typical of intermediate polars (IPs) or HMXBs. However, some of the sources without near-IR counterparts may be Type II active galactic nuclei (AGN).
• group E: highly absorbed sources with softer spectra than group D, likely containing a significant number of isolated high mass stars and colliding wind binaries (CWBs). Sources without near-IR counterparts are likely Type I AGN. The unabsorbed luminosities of sources in Groups D and E are assessed for a 10 kpc distance, typical of the far Norma arm. Table 1 lists the X-ray characteristics of the 20 sources (Xray coordinates, quantile groups, X-ray and total ISM column densities N H and N H i+H 2 , photon indices Γ or plasma temperatures kT , unabsorbed 0.5-10 keV luminosities) as well as the reArticle number, page 6 of 17 liability of the near-IR counterparts. The NEWFIRM and VVV near-IR counterparts are listed in Table 2 and those from 2MASS and DENIS are listed in Table 3 . We note that all the magnitudes are given in their original photometric systems. Finally, we also retrieved the GLIMPSE (Benjamin et al. 2003; Churchwell et al. 2009 ) and WISE (Wright et al. 2010 ) mid-infrared (mid-IR) counterparts of most of the 20 sources (see Table 4 ).
We identified the companion stars of the Chandra sources from the near-IR spectra, relying on several near-IR spectroscopic atlases to isolate important emission and/or absorption features. We specifically made use of Wallace & Hinkle (1996 , Meyer et al. (1998 ), Förster Schreiber (2000 , Ivanov et al. (2004) , and Rayner et al. (2009) for cool stars, as well as Hanson et al. (1996 Hanson et al. ( , 1998 Hanson et al. ( , 2005 , Morris et al. (1996) , Blum et al. (1997) , Clark & Steele (2000) , Steele & Clark (2001) , and Repolust et al. (2005) for hot stars.
The 20 sources in our sample are divided into two near-IR spectral groups, six with spectra dominated by hydrogen-like species, in emission for all but one (spectra are displayed in Figures 3 , 5, 7, and 9 and features are listed in Table 5 ), and 14 with spectra typical of cool stars (spectra are displayed in Figures 10,  11 , 12, 13, and 14 and the important features are listed Table 6 ).
A&A proofs: manuscript no. frahoui_norma_ir_rev2 3.1. Sources with near-IR spectra dominated by hydrogen-like species 3.1.1. Sources 239 and 1326
Sources 239 and 1326 were detected as relatively bright X-ray point sources with Chandra. They both suffer from a high column density N H ∼ 1.0 − 1.5 × 10 23 atoms cm −2 , possibly slightly in excess of the total galactic column density along their LOS N H i+H 2 (ISM) ∼ (7 − 9) × 10 22 atoms cm −2 , but uncertainties are high. Furthermore, both are located at almost the same spot in the quantile diagram (Group D, Figure 2) , a hint that they belong to the same subclass of X-ray emitters. Nonetheless, source 239 is likely constant (30% probability) and source 1326 is likely not (0.02% probability of being constant), while source 1326 may also be harder with Γ = 1.2 +2.7 −2.0 compared to Γ = 2.7 +2.0 −1.5 for source 239.
In the near-IR domain, both sources are constant. Alternative J, H, and K s magnitudes are 15.65 ± 0.01, 13.48 ± 0.01, and 12.16 ± 0.01 for source 239 (from VVV), and 14.55 ± 0.04, 12.73 ± 0.04, and 11.60 ± 0.04 for source 1326 (from 2MASS). Their near-IR spectra are also almost identical (see Figure 3) ; we detect strong and narrow emission lines (roughly 300-500 km s −1 wide) from the whole Brackett series, He i λ20586 Å, Fe ii λ15778, λ16878 Å, as well as very faint emission of Na i λ22090 Å. Overall, these spectra are consistent with those of early Be III/V stars presented in Clark & Steele (2000) and Steele & Clark (2001) . However, we also detect, in both spectra, several emission lines centred at 15842 Å, 15964 Å, 17110 Å, 17455 Å, and 20456 Å that could be identified with [Fe ii]. As stressed in Morris et al. (1996) and Lamers et al. (1998) , the presence of such features would be more consistent with narrowemission-line massive stars with strongly irradiated outflows, such as B[e] supergiants (sgB[e]) or luminous blue variables (although, by definition, we expect LBVs to be strongly variable). These stars are known to exhibit a mid-IR excess due to a complex circumstellar environment in which warm dust is produced. To investigate the presence of such an excess, we built the spectral energy distributions (SEDs) of sources 239 and 1326 using their near-IR magnitudes (completed with those in Y and Z bands from VVV) as well as their Spitzer/IRAC fluxes at 3.6, 4.5, 5.8, and 8.0 µm. We then fitted these SEDs first with a single absorbed 20000 K black body mimicking the stellar emission of a blue star, then adding a complementary black body to take into account a possible excess, using Galactic extinction laws from Fitzpatrick (1999) in the optical/near-IR and Chiar & Tielens (2006) in the mid-IR. For both sources, the best fits were obtained with two black bodies, the reduced χ 2 being half the value of the single black body case (see Figure 4 for plots and best-fit parameters). We stress that the fits were also performed with stellar temperatures as free parameters, and it is then possible to describe the SEDs with single black bodies; however, their best-fit temperatures reach the minimum allowed value of 3000 K, which is not realistic. We also fitted the SEDs fixing the stellar temperatures to lower and higher values (10000 K, 15000 K, 25000 K, 30000 K, and 35000 K) and the mid-IR excess is still present. Thus, despite the simplistic use of spherical black bodies (see e.g. Chaty & Rahoui 2012), we believe that sources 239 and 1326 do exhibit near-and mid-IR excesses.
Whether the latter are due to warm dust in sgB[e]/LBV stellar winds or free-free emission from the decretion disc of Be stars is a matter of debate. We note that the derived A V values are consistent with a minimum 10 kpc distance for the two sources (using the three-dimensional extinction law from Marshall et al. 2006) . If the stars do reside at this distance, they must have radii larger than 20 R ⊙ -whatever the stellar temperature we consider in the fits -which are more consistent with early-B supergiants than giant or main-sequence stars (Vacca et al. 1996; Searle et al. 2008) . Furthermore, the unabsorbed 0.5-10 keV luminosities at 10 kpc are about 10 33 erg s −1 for the two sources, which is possible for isolated O/B supergiants but at least 1 or 2 orders of magnitude larger than what is expected from isolated Be III/V stars (see e.g. Berghöfer et al. 1996; Cohen 2000) . It is therefore reasonable to speculate that if sources 239 and 1326 are Be stars, they must belong to HMXBs. Alternatively, they may be isolated sgB [e] or LBV stars, even though their X-ray photon indices and luminosities may favour the quiescent X-ray binary hypothesis.
Sources 1278 and 1279
In the X-ray domain, sources 1278 and 1279 are very similar. They are located very close to each other in the quantile diagram and both are very absorbed and relatively bright, with N H ∼ (1.3 − 1.5) × 10 23 atoms cm −2 and unabsorbed 0.5-10 keV luminosities of approximatively 1.4 × 10 33 erg s −1 and 3.5×10 33 erg s −1 at 10 kpc, respectively. Despite large uncertainties in the assessment of their column densities, they very likely exhibit an excess absorption with respect to the total galactic extinction along their LOS N H i+H 2 (ISM) ∼ 7.8 × 10 22 atoms cm −2 ; while this is consistent with wind accretion in HMXBs, their X-ray spectra are better fitted with an thermal plasma model (kT = 2.0 +2.0 −0.8 keV and kT = 2.6 +2.1 −0.8 keV, respectively), which is more typical of isolated massive stars. The similarity of their X-ray properties concurs with the fact that sources 1278 and 1279 belong to the same young massive star cluster Mercer 81 (Mercer et al. 2005) , discovered during the GLIMPSE survey of the Galactic plane with Spitzer. Mercer 81 was recently studied through near-IR photometry with HST and near-IR spectroscopy with ESO/ISAAC and the results of these observations are reported in Davies et al. (2012) and de la Fuente et al. (2013) . The authors derived a 11 ± 2 kpc distance and showed that Mercer 81 was mainly populated with nitrogenrich Wolf-Rayet and blue supergiant stars; in particular, sources 1278 and 1279 (labelled 8 and 2 in these papers, see Figure 2 in Davies et al. 2012) were identified as late WN Wolf-Rayet stars (see Figure 3 in de la Fuente et al. 2013 ). We concur with these results. Our OSIRIS spectra, displayed in Figure 5 , are similar to theirs, and our derived He ii λ21891 Å/H i λ21661 Å ratios -i.e. about 0.23 and 0.19 for sources 1278 and 1279, respectively -are consistent with a WN8 classification (expected values between 0.1 and 0.4, see Table 5 in Crowther et al. 2006) . Moreover, Figure 6 displays a 0.5-10 keV Chandra image of Mercer 81 on which we superimposed the near-IR positions of sources 1278 and 1279 (green circles) as well as those of the remaining eight sources identified as Wolf-Rayet or supergiant stars (yellow circles). It is clear that only sources 1278 and 1279 are detected with Chandra, although all sources suffer from the same extinction; this indicates that sources 1278 and 1279 are more effective X-ray emitters than other Wolf-Rayet stars in Mercer 81. To check this hypothesis, we can follow Mauerhan et al. (2010) to estimate the X-ray to bolometric luminosity ratios L X /L Bol for the two sources and compare them to the ex- (2006), we derive an average K s-band extinction A Ks = 3.11 ±0.03 for each source. For a 10 kpc distance, this results in the absolute K s-band magnitudes −6.85 ± 0.04 and −8.27 ± 0.06 for source 1278 and 1279, respectively. Using the K s-band bolometric correction for WN8 stars given in Crowther et al. (2006) , i.e. −3.4, we thus find that the total bolometric luminosities are L Bol ≈ 10 6 L ⊙ ≈ 3.9 × 10 39 erg s −1 and L Bol ≈ 3.8 × 10 6 L ⊙ ≈ 1.5 × 10 40 erg s −1 , for sources 1278 and 1279, respectively. This yields L X /L Bol ratios of about 3.6 × 10 −7 and 2.5 × 10 −7 for sources 1278 and 1279, respectively. These values are slightly in excess of the canonical 10 −7 , and this may indicate that the two sources are CWBs, producing X-rays in the shocks of their colliding winds. Another explanation is that both sources are HMXBs in which the compact object accretes material from the strong stellar winds of Wolf-Rayet stars, but as already mentioned, the fact that their X-ray spectra are better described by thermal plasma models disfavours this possibility.
Source 1168
We detected source 1168 with Chandra as a bright and variable hard X-ray point source (Γ = 1.8
+0.4
−0.4 ) with a column density much lower than that of ISM along its entire LOS (N H ∼ 2.9×10 21 atoms cm −2 vs. N H i+H 2 (ISM) ∼ 6.2×10 22 atoms cm −2 ). The near-IR spectrum displayed in Figure 7 is typical of massive stars. In the H band, we clearly detect absorption features of the Brackett series centred at 15561 Å, 15885 Å, 16114 Å, 16412 Å, 16811 Å, and 17367 Å. The absence of Brackett lines below 15500 Å is also consistent with a IV/V luminosity class (Meyer et al. 1998) 1997). In the K band, Br γ and Mg ii 21376 Å, signatures of stellar winds, are present but the strength of Br γ and the absence of He i features point towards a IV/V class with a spectral type later than B8 ; we therefore conclude that source 1168 is a nearby B8-A3IV/V star. Figure 8 displays its optical to mid-IR SED built using archival fluxes from the VVV and GLIMPSE surveys and fitted with a 11000 K temperature black body. Using the derived A V value and the three-dimensional law of Marshall et al. (2006) , we estimate its distance to be around 3.5 kpc, which results in a stellar radius R * ≈ 4.9R ⊙ , consistent with the typical radii of late-B/early-A subgiant stars listed in Pasinetti Fracassini et al. (2001) . Moreover, such a distance gives a 0.5-10 keV unabsorbed luminosity of about 1.8 × 10 32 erg s −1 , i.e. at least one order of magnitude too high for an isolated B8-A3IV/V star (Berghöfer et al. 1996) and we tentatively classify source 1168 as a quiescent HMXB.
Source 750
Source 750 is one of the brightest X-ray sources that we detected with Chandra. It is variable and has a hard spectrum (Γ = 1.2 +0.1 −0.1 ) with a N H ∼ 1.2 × 10 21 atoms cm −2 column density; once corrected from absorption, its 0.5-10 keV luminosity at 1 kpc is about 1.2 × 10 32 erg s −1 . It is the hardest source of group B and its location in the quantile diagram is clearly separated from the other sources of the group, hinting at a distinct nature. More importantly, its X-ray light curve exhibits a 7150 s period (Fornasini et al. 2014 ) more likely related to the orbit or the spin period of a white dwarf (WD). Overall, the X-ray behaviour of source 750 is consistent with that of an intermediate polar (IP), in which a WD accretes from a main-sequence star via a truncated accretion disc (see Kuulkers et al. 2006 , for a review).
.
In the near-IR domain, the source is variable, with K s = 14.27 ± 0.01 from VVV and K s > 15.19 from 2MASS, pointing towards a contribution from an accretion stream. Moreover, its near-IR spectrum, displayed in Figure 9 , is clearly dominated by the whole Brackett series as well as He i λ17007 Å and λ20586 Å, all in emission. The lines are particularly strong in K, with equivalent widths of about 18 Å and 43 Å for He i and Br γ, respectively. Again, this spectrum is consistent with an accretion stream and is actually very similar to those of IPs presented in Dhillon et al. (1997) and Harrison et al. (2007) ; we therefore believe that source 750 is very likely an IP. In the H and K bands, cool stars are characterized by the presence of many absorption lines of Fe i, Mg i, Si i, Ca i, and Na i, but the detection of the CO (2,0) and CO (3,1) overtones in absorption beyond 22900 Å is a clear indicator of their nature. The near-IR counterparts of the 14 sources presented in this section all exhibit at least one of these CO features and this is the reason why we classify them as cool stars. However, deriving a more accurate spectral classification is difficult because (1) the S/N ratio of our spectra are not high enough to perform a quantitative comparison with existing near-IR libraries and (2) a possible veiling by the near-IR continuum of the component responsible for the soft X-ray emission would likely alter the equivalent width measurements. We therefore list tentative spectral types in Table 7 obtained by comparing the relative strength of the CO features at 16190 Å and 22957 Å as well as that of Brγ, the last being weak or absent for K/M stars. We nevertheless stress that this classification should be taken with caution due to the aforementioned limitations.
Sources with typical near-IR spectra of cool stars
Determining the possible origin of the soft X-ray emission and thus the nature of the X-ray emitters is also not straightforward. On the one hand, the X-ray emission could stem from accreting binaries such as LMXBs, CVs, IPs, or symbiotic binaries (SBs). On the other hand, it could also come from foreground isolated low mass stars (iLMS) or coronally active binaries (ABs). Although discriminating between all these possibilities is difficult, the presence of near-IR emission lines, in particular H i, and/or near-IR variability can be a strong indicator of the presence of an accretion stream. The ISM extinction along the LOS and the X-ray luminosity also provide valuable information; for example iLMS are likely foreground objects and their X-ray luminosity is expected to be lower than 10 30 erg s −1 (see e.g. Güdel & Nazé 2009 ). Finally, the positions of the sources in the Q X vs. Q Y diagram hint at common X-ray spectral properties, and therefore the following sections present the sources grouped by similar location in this diagram. −0.2 , respectively), while source 1059 is a much softer and better described by an absorbed thermal plasma model, with kT = 0.5 ± 0.2 keV. Source 694 is the faintest, with a 0.5-10 keV luminosity at 1 kpc ∼ 6 × 10 30 erg s −1 compared to ∼ (1.1 − 5) × 10 31 erg s −1 for the other five sources.
These X-ray properties are consistent with those expected from all X-ray emitting low mass systems, including iLMSs and ABs, and do not specifically hint at the presence of accretion discs. However, we note that the near-IR spectrum of source 694 is the only one that convincingly exhibits emission lines. This source is also the only one with variable near-IR emission, with J, H, and K s magnitudes of 12.53 ± 0.05, 11.75 ± 0.07, and 10.26 ± 0.06 in NEWFIRM; 13.29 ± 0.01, 12.70 ± 0.01, and 12.26 ± 0.01 in VVV; and 12.96 ± 0.04, 12.15 ± 0.03, and 11.89 ± 0.04 in 2MASS. We therefore believe that source 694 is a quiescent accreting binary. The other five sources are likely isolated giant or main-sequence stars, although we stress that A&A proofs: manuscript no. frahoui_norma_ir_rev2 sources 1203 and 1379 may exhibit a variable emission at 3.5 µm with GLIMPSE and WISE fluxes of about 131.4 ± 6.0 mJy vs. 155.4 ± 3.9 mJy and 60.68 ± 2.85 mJy vs. 72.89 ± 1.81 mJy, respectively. We also note that the optical/near-IR counterpart of source 1059 is classified as an M4V star in Lépine & Gaidos (2011) , in agreement with our own classification as an early main-sequence M star.
Group C: sources 158, 437, 881, and 1128
The four sources are more extincted that the previous group of sources, with N H values clustered in the range (1 − 4.5) × 10 22 atoms cm −2 , lower than the total ISM extinction along their LOS; this extinction indicates that these sources are located in the near Norma arm. They also have harder spectra than the sources discussed in Sect. 3.2.1; sources 158, 437, and 1128 have a similar spectral index (Γ = 1.5
+1.2 −1.0 and Γ = 2.2 ± 0.6, respectively) while the spectrum of source 881 is even flatter, with Γ = 0.8 ± 0.4. Their 0.5-10 keV unabsorbed luminosities at 5 kpc (2.1 × 10 32 erg s −1 , 1.7 × 10 32 erg s −1 , 1.1 × 10 33 erg s −1 , and 5.1 × 10 32 erg s −1 , respectively) are inconsistent with iLMSs or ABs and thus the four sources are likely accreting binaries. However, the presence of emission lines in their near-IR spectra is scarce, maybe because the accretion stream is less active. Furthermore, source 881 -the brightest X-ray emitter of the four -is convincingly variable in the near-IR, with 2MASS magnitudes significantly fainter than the DE- NIS ones (J: 6.89 ± 0.02 vs. 6.38 ± 0.09; K s: 4.72 ± 0.02 vs.
3.87 ± 0.16), as well as in the mid-IR, the GLIMPSE fluxes at 3.5 µm and 4.5 µm being lower that those from WISE at the same wavelengths (3.5 µm: 4486 ± 378 mJy vs. 5681 ± 493 mJy; 4.5 µm: 2552 ± 114 mJy vs. 4213 ± 220 mJy). The lack of significant near-IR variability for the remaining sources may indicate that if accretion is occurring, it is weak. However, we note that source 1128 likely has variable mid-IR emission, with higher GLIMPSE fluxes at 3.5 µm and 4.5 µm with respect to WISE (3.5 µm: 18.68 ± 0.08 mJy vs. 12.91 ± 0.02 mJy; 4.5 µm: 11.15 ± 0.04 mJy vs. 7.31 ± 0.41 mJy).
Groups D and E: sources 38, 78, 396, and 1408
Sources 38, 396, and 1408 suffer from an extinction likely higher than that along their LOS, having N H ≥ 7.8 × 10 22 atoms cm −2 . They exhibit a similar photon index (Γ = 2.6 are inconsistent with those expected from iLMSs or ABs, and their X-ray emission likely stems from accretion. The near-IR properties are in agreement with the latter hypothesis. The four sources exhibit emission lines in their spectra, hinting at an accretion stream presence. In addition, sources 78, 396, and 1408 are variable. Indeed, the near-IR magnitudes of source 78 decreased from VVV to NEWFIRM (H: 15.77 ± 0.04 vs. 15.45 ± 0.10; K s: 15.38 ± 0.02 vs. 14.99 ± 0.09). Moreover, source 396 is undetected with DENIS and its 2MASS magnitudes are slightly higher than those of NEWFIRM and VVV (J > 15.69, H = 13.30 ± 0.03, and K s = 12.20 ± 0.02 vs. J = 15.49 ±0.01, H = 13.19 ±0.01, and K s = 12.0 ±0.01). Likewise, the 2MASS J magnitude of source 1408 is lower than that measured in DENIS (8.24 ± 0.03 vs. 8.53 ± 0.08). Its GLIMPSE fluxes at 3.5 µm is also significantly lower than that from WISE (3120 ± 78 mJy vs. 1593 ± 84 mJy). Based on their X-ray and infrared behaviours and properties, it is therefore reasonable to conclude that all four sources are accreting binaries hosting giant stars.
Discussion and conclusion
We have conducted near-IR photometric and spectroscopic observations of 20 soft X-ray sources discovered during a Chandra survey of a 2
• ×0 • .8 region of the Norma arm. Our main goal was to detect new low-luminosity HMXBs, thought to be principally located in very active star-forming regions. We identify (1) two massive emission-line stars, possibly in HMXBs, exhibiting near-and mid-IR excesses consistent with either free-free emission from the decretion discs of Be stars or warm dust in the stellar winds of peculiar massive stars such as sgB[e] or LBVs; (2) two WN8 Wolf Rayets, maybe in CWBs and located in the Mercer 81 massive star cluster; (3) a foreground B8-A3 IV/V star, likely in an HMXB; (4) one IP, the near-IR spectrum of which is dominated by the accretion disc; and (5) a foreground isolated M4V dwarf. Among the 13 remaining sources, four are likely isolated late-type giant or main-sequence stars, and nine are low mass accreting binaries.
The nature of the low mass accreting systems
Even if the outcome of the ongoing near-IR spectroscopy of additional NARCS sources may increase the number of detected massive stars, it is clear that our sample is dominated by low mass accreting binaries. However, it is difficult to be more specific about the nature of the primaries (WDs, NSs, or BHs) or that of the systems themselves (LMXBs, CVs, or SBs). Based on the presence of many emission lines in their near-IR spectra, their relatively high 0.5-10 keV luminosity and the red giant nature of their companion stars, we can speculate that sources 38, 396, and 1408 are quiescent LMXBs in the outer Norma arm. It is, however, interesting that they all suffer from an intrinsic extinction in excess of the ISM along their LOS (especially source A&A proofs: manuscript no. frahoui_norma_ir_rev2 38) and that they are located at a similar position in the quantile diagram as candidate HMXBs and CWBs. It is therefore possible that sources 38, 396, and 1408 actually are SBs in which the compact objects accrete material from the stellar winds of their late giant companion stars in an eccentric orbit. Whether the compact object is a WD or a NS is a matter of debate, but we stress that their X-ray and near-IR properties (in particular their relative X-ray hardness) could be consistent with the new and rare class of symbiotic X-ray binaries (SyXRBs), in which a magnetized NS accretes matter from the wind of a red giant (see Masetti et al. 2007; Corbet et al. 2008; DeWitt et al. 2013 ). Source 694 in groups A/B as well as sources 158, 437, 881, and 78 in groups C/D are also possible SBs but likely belong to two different classes. Indeed, source 694 has all the characteristics of a standard quiescent SB with a WD primary, i.e. a giant companion, weak extinction, and low 0.5-10 keV luminosity. In contrast, sources 78, 158, 437, and 881 exhibit X-ray luminosities of (1 − 30) × 10 32 erg s −1 , are relatively extincted, and have a hard spectrum. This behaviour may be more consistent with that expected from hard spectrum SBs, in which a WD accretes from a red giant through an accretion disc (dubbed as class δ; see Luna et al. 2013) . Finally, source 1128 has all the properties of a quiescent CV in the inner Norma arm, and likely hosts a WD accreting from a main-sequence companion.
The nature of the high mass systems
The low number of massive stars in our sample was expected because of their short lifetime. Nonetheless, the possible detection of up to three new HMXBs (sources 239, 1168, and 1326) in a region covering about one square degree is consistent with our prediction of three to four HMXBs per square degree with unabsorbed fluxes larger than 5 × 10 −14 erg cm −2 s −1 (Fornasini et al. 2014) . One could argue that none of these sources is an HMXB, in particular because their unabsorbed luminosities are at least one order of magnitude lower than expected. However, these X-ray luminosities also seem too high to be those of isolated stars. A possible way to reconcile these discrepancies is that sources 239, 1326, and 1168 are quiescent HMXBs. We stress that SFXTs, which are transient sources, exhibit luminosities as low as 10 32 erg s −1 when in quiescence. Furthermore, such low luminosities have been observed in some Be X-ray binaries (see e.g. V0332+53, Campana et al. 2002) and some γ-Cas analogs which could be -although this explanation is still controversial -WD-Be binaries (Nebot Gómez-Morán et al. 2013); such systems may represent up to 70% of all compact object-Be star associations (Raguzova 2001 ). More recently, Casares et al. (2014) also confirmed that the Be star MWC 656 was the companion of an X-ray quiescent BH, resulting in the first identification of a BH-BeXB. Population synthesis models point towards the extreme rarity of such systems, which are also thought to be very faint in the X-ray domain due to accretion disc truncation. This illustrates one of the major limitations of soft X-ray surveys in characterizing new low-luminosity HMXBs, as a significant fraction of them appear similar to CWBs or slightly more energetic isolated massive stars. It is therefore reasonable to believe that a significant population of quiescent HMXBs, some with BH primaries, exist in the Galaxy but remain undetected and/or misidentified. A possible way to address this issue is to observe candidate low-luminosity HMXBs through optical and near-IR high-resolution spectroscopy for radial velocity measurements. Alternatively, hard X-ray spectroscopy may allow us to characterize their emission in this spectral domain more accurately, which should be power-law-like and harder than that of isolated massive stars if even weak accretion occurs. In particular, hard X-ray observations of the five X-ray sources with massive stellar counterparts we identified in this study should enable us to verify their HMXB, CWB, or isolated massive star nature.
